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The ChallengeThe Challenge



Metal/Oxide Interfaces-AdhesionMetal/Oxide InterfacesMetal/Oxide Interfaces--AdhesionAdhesion



Metal/Oxide Interfaces-Atomic TransportMetal/Oxide InterfacesMetal/Oxide Interfaces--Atomic TransportAtomic Transport

Saiz et al., Adv. Mater., 2000
Gremillard, Saiz, Radmilovic
& Tomsia, in press



Spreading at High TemperatureSpreading at High Temperature



Au/Ni, 1100°C, p(O2)<10-22 atm, ~ 20 ms

2000 fps



NonNon--reactive Spreadingreactive Spreading

Saiz & Tomsia, Saiz & Tomsia, Nature MaterialsNature Materials, 2004; , 2004; Rauch et al., Rauch et al., Z. Metall.Z. Metall., 2005, 2005; Lopez; Lopez--Esteban et al., Esteban et al., LangmuirLangmuir, 2005, 2005



MolecularMolecular--kinetics Modelskinetics Models

Reaction-rate approach
Triple-line friction



Cu-Mo, 1150°C



MD SimulationsMD SimulationsMD Simulations



Physical ImplicationsPhysical ImplicationsPhysical Implications

Liquid metals:
ΔGw ≈ ΔGsl ≈ 80-140 kJ/mol
Activation energy for
surface diffusion    

Molten Oxides:
ΔGw ≈ ΔGll ≈230–300 kJ/mol
Activation free energy for 
viscous flow (ΔGη)



Triple Line RidgesTriple Line RidgesTriple Line Ridges

v ∝ D/h3

Critical velocity:
vcr ~ 6D/a

Microscopic 2-D equilibrium
h/R << 1 ⇒ θ → θ1D
v║ = dx/dt v ┴ = dh/dt

LopezLopez--Esteban et al., Esteban et al., LangmuirLangmuir, 2005, 2005
Saiz & Tomsia, Saiz & Tomsia, CurrCurr. Op. Sol. St. Mat. . Op. Sol. St. Mat. SciSci.., 2006, 2006
GremillardGremillard, Saiz, , Saiz, RadmilovicRadmilovic & Tomsia, & Tomsia, in pressin press



Reactive SystemsReactive SystemsReactive Systems

Reactive lead-free solders & miscible systems 
Similar kinetics → similar frequencies

Saiz et al., Saiz et al., Acta Mater.Acta Mater., 2003, 2003
Saiz & Tomsia, Saiz & Tomsia, Nature MaterialsNature Materials, 2004, 2004
Saiz & Tomsia,Saiz & Tomsia, CurrCurr. Op. Sol. St. Mat. . Op. Sol. St. Mat. SciSci..,,
20062006
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